The role of the autonomic nerve on the gastric motility of the domestic fowl has been investigated by Nolf (1), Ihnen (2) and Hassan (3). Nolf has reported that both excitatory and inhibitory fibres are included in the vagus and also in the sympathetic nerve to the proventriculus and gizzard. However, there is little detailed study on the mechanism which causes excitatory and inhibitory responses of the fowl's stomach to stimulation of these nerves.
The pulse duration was fixed at 1 millisecond and the strength was varied. Stimulus frequency was also varied from 0.5 to 50 pulses/sec, but was usually fixed at 10 pulses/sec unless otherwise indicated.
Thin rubber balloons of about 5-20 ml were attached to the tip of polyethylene tubes and introduced into each stomach (crop, proventriculus and gizzard) through the mouth. Especially, in the gizzard, attention was paid so as to localize the balloon in the posterior part of the anterior sacculated portion, since there is a little difference in the pattern of the motility in each different part. Afterwards, the balloons were filled with 3-20 ml of warm water and were connected to the water manometers by the tubing. The pressure change in each balloon was recorded on a smoked paper. In the course of the experiment, occasionally, the location of the balloon was checked by palpation and frequently verified at autopsy. Right sciatic arterial pressure was recorded with a mercury manometer. For systemic administration of drugs, a polyethylene tube was inserted into the brachial vein. In many cases, a branch of the coeliac artery to the gizzard was also cannulated for retrograde close arterial injection of the drug to the proventriculus. Durgs were injected through this arterial cannula in a volume of 0.2 ml.
Throughout the experiment, the fowls were immobilized by repeated administration of gallamine triethiodide (Flaxedil).
The drugs used were: gallamine triethiodide (Flaxedil, Specia), physostigmine salicy late (Merck), atropine sulfate (Tanabe), bethanechol chloride (Eisai), bretylium tosylate (kindly supplied by Chugai), guanethidine sulfate (kindly supplied by CIBA), dl-adrenaline hydrochloride (Sankyo), dl-noradrenaline hydrochloride (Sankyo), dl-isoproterenol hydro chloride, phenoxybenzamine hydrochloride (Tokyo Kasei), dibenamine hydrochloride (Tokyo Kasei), pronethalol hydrochloride (Alderlin, kindly supplied by Sumitomo Chemi cal), nicotine hydrogen tartrate (B.D.H. Lab.), dimethylphenylpiperazinium iodide (DMPP) and hexamethonium bromide (Methobromin, Yamanouchi). RESULTS 
Responses of the stomachs to stimulation of the vagus and perivascular nerves
These series of observations were made in twenty-one fowls. The crop motility which was characterized by an irregular grouping contraction was observed only in 6 out of 21 fowls. This spontaneous contraction, however, was almost abolished after dissection of the vagus nerve. Thus, in the present experimental conditions, spontaneous motility of the crop was absent throughout the period of observation. This quiescence of the crop has also been described by Hassan (3) . On the other hand, in the proventriculus and giz zard, contraction which consisted of one or more contraction waves appeared at 2-5 minutes intervals in the present condition. Therefore, the responses of the stomachs to stimulation of the vagus and perivascular nerves were observed at the resting phase between these successive contractions.
a. Responses to vagal stimulation
Stimulation of the vagus nerve caused a contraction of a single smooth wave in the crop. The amplitude of the contraction increased as the stimulus strength was increased until it attained to the maximum. The threshold for stimulation causing this response was lowest between the stomachs. In the proventriculus, an excitatory or an inhibitory response was observed depending on the strength of stimulation. In general, stimulation of a low strength caused the relaxation with the cessation of spontaneous motility and the response converted into a contraction as the strength was increased. In the gizzard, spontaneous motility was almost inhibited and only in a few cases a relaxation was observed with stimulation of a low strength. When the strength was increased, a contraction ap peared. This observation in the gizzard is in agreement with that described by Nolf (1) . Usually in these two stomachs, the responses during stimulation were followed by a peri stalsis-like contraction, except for the case in which a long-lasting relaxation was seen. In Fig. 1 Stimulation at any strength causes only the excitatory response in the proventriculus. In the gizzard, stimulation at low strength causes a contraction, but with the increase of the strength, inhibitory responses appear during stimulation.
These responses are followed by peristalsis-like waves in both stomachs. The crop does not respond to this nerve stimulation.
second type of response in the proventriculus and the response of the gizzard are shown.
Although the effect on the systemic arterial pressure was not always observed, stimula tion of the vagus nerve mostly caused a fall and that of the perivascular nerve caused a rise at the strength above the threshold. atropine (Fig. 3) . In the proventriculus a relaxation was consistently observed during stimulation of the vagus nerve. In most cases, when the stimulation was stopped, a con traction developed rapidly, which is presented as an after contraction in the following de scription. Stimulation of the perivascular nerve also caused a relaxation of the proven triculus at low strength after treatment with atropine. Occasionally, however, when the strength was increased, a contraction preceded by a small relaxation appeared during stimulation. This contraction was distinguished from the after contraction caused by stimulation of the vagus nerve because the former appeared during, and the latter after stimulation. In the crop and gizzard, a relaxation such as that observed in the proven triculus could not be easily observed by stimulation of any strength of both nerves. However, if the tone of each stomach was artificially raised by intravenous injection of a large dose of bethanechol (2-10 mg/kg), relaxations of the crop and gizzard with vagal stimulation, and relaxation of the gizzard with perivascular nerve stimulation were also produced (Fig. 4) .
3. The nature of the relaxation of the stomach caused by stimulation of the vagus and perivascular nerves in the atropinized fowl From the above mentioned results, it was evident that the stomachs of the domestic fowl responded to vagal and perivascular nerve stimulation with excitatory and inhibitory effects, respectively. Thus it was decided to examine whether the relaxation of the stomach of the atropinized fowls caused by vagal stimulation is adrenergic in origin or not as sug gested in mammalians. The proventriculus was very useful in analysing this problem, since the tonus of this stomach was usually maintained at a certain level even after treat ment with atropine and thus relaxation was most easily produced by each nerve stimulation. a. Time course of the relaxations of the proventriculus Relaxation of the proventriculus of atropinized fowls in response to stimulation of the vagus nerve started at 1-3 seconds after the onset of stimulation and developed rapidly until the stimulation was stopped. When the stimulation was stopped, the tonus recovered abruptly. Frequently, the recovered tonus rose rapidly beyond the initial level and formed a contraction, an after contraction.
On the other hand, the time course of the relaxation caused by perivascular nerve stimulation ;was rather gradual in general. Relaxation started at 3-7 seconds after the onset of stimulation. In most cases, the development of the relaxation still continued after the cessation of stimulation, except for the case in which the contraction appeared after an initial small relaxation. The recovery time widely varied in different individual and in different stages of the experiment. In general, how ever, it tended to recover more slowly than that caused by vagal stimulation. . In four of them, this drug also abolished or markedly reduced only the relaxation caused by perivascular nerve stimulation. In the remaining case in each experiment, the responses to stimulation of both nerves were reduced simul taneously. The effects of these drugs fully developed within 30 minutes and recovered after about 60 minutes. Fig. 6 shows that the vagal relaxation was not affected neither by bretylium nor guanethidine, although the sympathetic responses were markedly in hibited. a and Q-receptor blocking agents: In twelve fowls, the effects of these blocking agents on the proventricular responses to nerve stimulation were observed simultaneously with those to adrenaline, noradrenaline (usually 5-10,"g) and isoproterenol (1-5 ,ag) injected into the gastric artery. In all cases, both adrenaline and noradrenaline caused a marked contraction of the proventriculus simultaneously with the rise of the systemic blood pres sure (Fig. 7) , but mostly these doses of isoproterenol did not produce any apparent responses.
Relaxations caused by vagal and perivascular nerve stimulation in the atropinized fowl were not reduced by phenoxybenzamine and dibenamine (20- 30 mg/kg i.v.) . On the other hand, the contractions caused by adrenaline and noradrenaline were completely abolished and frequently reversed to a relaxation by these blockers, although the pressor response was only reduced. Both a-blockers also reduced the sympathetically induced contraction which was preceded by relaxation. On the other hand, the after contraction caused by vagal stimulation was not affected by these a-blockers (Fig. 8) .
The Q-blocker, pronethalol (10-20 mg/kg i.v.) effectively reduced the relaxation caused by perivascular nerve stimulation without affecting the vagal response much (Fig. 9) . Since adrenaline and noradrenaline produced little or no relaxation until the fowls were treated with the a-blockers, and isoproterenol did not produce any distinct relaxation as described above, the effect of the Q-blocker on the relaxation induced by exogenous catecholamines had to be observed after treatment with the a-blockers. Un fortunately, however, most of the fowls were vulnerable to the combined use of a and j -blockers and then the effect of pronethalol on the relaxation caused by adrenaline or noradrenaline still remained for investigation. Hexamethonium : The effects of hexamethonium on the responses to vagal and peri vascular nerve stimulation were observed together with those to nicotine and DMPP of 20 pug injected into the gastric artery. In six out of eight experiments, hexamethonium (5-30 mg/kg i.v.) caused a reduction of 20-50% of the relaxation in response to vagal stimulation. In the remaining two cases, no. reduction was observed. The response to stimulation of the perivascular nerve was not affected by these doses of hexamethonium. Nicotine and DMPP caused a relaxation followed by a contraction. These responses were effectively reduced or abolished by the ganglion blocking agent. An example is shown in Fig. 10 .
The after contraction which appeared with the cessation of vagal stimulation was more susceptible to the ganglion blocking action of hexamethonium than the relaxation.
DISCUSSION
The present experiment gave more information on the mechanism which produces the excitatory and inhibitory responses of the stomachs of the domestic fowl to the vagal and sympathetic nerve stimulation. The results obtained from the experiment on the responses of the proventriculus especially evidenced that the excitatory fibres in the vagal and perivascular sympathetic pathway to the stomach are mainly cholinergic. On the other hand, the inhibitory fibres in the vagal pathway may be non-adrenergic but those in the perivascular sympathetic pathway are mainly adrenergic. These conclusions are in agreement with those reported on the autonomic innervation of the stomach in mam malians (4-8, 11, 15) and in birds (12, (1) (2) (3) .
Spontaneous rhythmic contraction of the proventriculus and gizzard was persistently observed after vagotomy plus sympathectomy. On the other hand, in the crop, spontane ous motility was completely abolished by section of the vagus nerve. It seems likely that the crop motility depends to a great extent on the activity of the central nervous system as suggested by Mangold (16) and Henry et al. (17) ..
In general, the crop responded to stimulation of the vagus nerve with only a single smooth contraction, but did not respond to perivascular nerve stimulation. Thus it is evident that the crop is innervated with the vagal fibres (18), but probably not innervated with the perivascular nerve which run along the coeliac artery. On the other hand, in the proventriculus and gizzard, stimulation of the vagus and perivascular nerves caused an excitatory or an inhibitory response which was generally followed by a peristalsis-like contraction. The spontaneous motility and the contractile responses of every stomach to stimulation of each nerve were abolished by atropine and were potentiated by physos tigmine. This may indicate that these excitatory responses are cholinergic in origin. Most recently, Bennett (12, 13) showed the same effects of both drugs on the excitatory junction potential of the smooth muscle cell of the avian gizzard in response to vagal, perivascular and transmural stimulation. He also indicated that the existence of cholinergic fibres in the perivascular sympathetic nerve trunk to the gizzard by histochemical studies (19) .
After treatment with atropine, stimulation of the vagus nerve caused a distinct relaxa tion. of the proventriculus in which the tone was ususally maintained. Since the crop and gizzard always relaxed completely after administration of atropine, the effect of nerve stimulation was not observed. If the basal tone was raised by intravenous injection of bethanechol, vagal stimulation also caused a relaxation of the crop and gizzard simul taneously with the proventriculus. Therefore, the vagal inhibitory fibres may run into every stomach.
In mammalians, data which suggest that the vagally induced relaxation of the stom ach is non-adrenergic in origin have accumulated (4-8, 15 ). As mentioned above, after treatment with atropine the relaxation in every stomach of the domestic fowls could be produced by vagal stimulation. Thus, an attempt was made to determine whether similar inhibitory fibres which were suggested in mammalians are present in the vagal pathway to the stomach of the domestic fowl. This was done with the proventriculus, because the stomach received both parasympathetic and sympathetic nerves and the tone of this stomach wall was usually maintained at a certain level even after treatment with atropine. The results obtained from the experiment are in favour of the hypothesis that the vagal pathway to the stomach of the domestic fowl contains non-adrenergic inhibitory fibres.
The onset and the recovery of the relaxation of the proventriculus caused by stimu lation of the vagus nerve were faster than those of the sympathetic relaxation as indicated by Campbell (6) in the isolated guinea-pig stomach. The sympathetically induced re laxation was markedly reduced or abolished by bretylium and guanethidine, but that caused by vagal stimulation was little affected. These findings are also comparable to those reported by Martinson (4, 5), Campbell (6), Ohga et al. (7, 8) and Nakazato et al. (11) in mammalians and by Bennett (12, 13) in the avian gizzard. The vagal re laxation was also not affected by a and Q-adrenergic blocking agents, although that caused by perivascular nerve stimulation was significantly reduced by the (3-blocker as shown by Martinson (4) in cats and by.Nakazato et al. (11) in dogs. In view of these results, it seems most likely that the relaxation of the proventriculus caused by vagal stimulation is non-adrenergic. in origin. On the other hand, the main part of the relaxation caused by perivascular nerve stimulation may be mediated through adrenergic mechanisms. We failed to observe the effect of a Q-blocker on the relaxations caused by either perivas cular nerve stimulation or adrenaline and noradrenaline simultaneously, because definite relaxations in response to the drugs were not observed until the fowls were treated with a-blocking agent and furthermore the fowls could not survive to combined use of a and Q-blockers. It is also still open to investigation to determine whether the non-adrenergic sympathetic inhibitory fibres as suggested by Everett (20) and Bennett (12) in the intra mular nerve of the chick intestine and the gizzard are present in the perivascular inhibitory pathway to the proventriculus.
The effect of hexamethonium on vagal relaxation was also very similar to that de scribed in mammalians (4, 7) 8, 15). That is, hexamethonium did not abolish, but reduced 20-50% of the vagal relaxation without affecting that caused by perivascular nerve stimulation. The relaxations caused by DMPP and nicotine in the atropinized fowls were also markedly reduced by the drug. Therefore, it may be suggested that the post ganglionic inhibitory fibre was present in the vagal pathway to the proventriculus. Ano ther possibility is that a certain hexamethonium resistant ganglionic pathway might be included in the vagus nerve to the stomach (8) .
It was noticeable that in most atropinized fowls exogenous adrenaline and noradrena line induced only a contraction of the proventriculus. An intense stimulation of the perivascular nerve frequently also caused a contraction. These proventricular contrac tions were completely blocked or reversed to a relaxation by phenoxybenzamine and dibenamine. Therefore, at least in the proventriculus, the activation of cc-receptor may induce a contraction as shown in mammalians (11, 21) . Bennett (12) described that after application of hyoscine, adrenaline produced a slow, long-lasting depolarization of the smooth muscle cell membrane of the gizzard. This depolarization resembled that evoked by repetitive perivascular nerve stimulation. In addition in this experiment, isoproterenol did not produce any definite response in the proventriculus. It seems more likely that in the stomach of the domestic fowl adrenergic cc-receptor is located more dominantly than (3-receptor as compared with the stomach of other animals (4, 11, 21) .
The high persistence of the effects of bretylium and guanethidine has been shown in mammalians (22) . It is, however, unlikely in fowls, since the effects of these drugs on the sympathetically induced responses of the proventriculus were not so persistent. The reason for the relative short acting of these blockers in the fowls was unknown, but it might be attributed to the difference of the species. According to Martinson (4) and Campbell (6), vagal relaxation was produced by stimulation at a lower frequency than that causing the sympathetic response. In the present preparation, however, we could not find out any such difference between.the frequency-response relations obtained by vagal and sympathetic stimulation. No explanation can be advanced for this discrepancy. The slowness of the time course of the sympathetically induced relaxation might be due to an overflow of the sympathetic transmitter substances from the vaso-constrictor, nerve fibreendings as suggested by Martinson ,(4), Campbell (6) and Bennett (12) .
An after contraction of the proventriculus in ,the atropinized fowl observed after cessa tion. of vagal stimulation was not. affected by a-blocker, but frequently reduced by hexa methonium. The nature of the after contraction was examined using an isolated smooth -muscle preparation of the proventriculus and was reported in another paper (23) .
SUMMARY
The responses of the stomachs to stimulation of the vagus and sympathetic nerves (perivascular nerve) were investigated in the domestic fowl anesthetized with chloralose. The responses of the proventriculus to each nerve stimulation were especially studied using cholinergic, adrenergic and ganglionic blocking agents.
1. Stimulation of the vagus and perivascular nerves caused an excitatory and an inhibitory response of the proventriculus and gizzard respectively depending on the stimulus strength. The crop usually responded with only a contraction to vagal stimulation, but not to perivascular nerve stimulation.
2. Most of the excitatory responses of every stomach caused by either vagal or perivascular nerve stimulation were potentiated by physostigmine and abolished by atropine.
3. After treatment with atropine, if the basal tone was maintained, vagal stimula tion produced relaxations of the crop, proventriculus and gizzard. However, perivascular nerve stimulation caused relaxation of the proventriculus and gizzard, but the crop did not respond to this nerve stimulation.
4. In the proventriculus of the atropinized fowls, the vagally induced relaxation was sometimes followed by a contraction which developed rapidly after cessation of stimu lation. An intense sympathetic stimulation also frequently caused a contraction preceded by a small relaxation.
5. Bretylium and guanethidine markedly reduced or abolished the sympathetically induced relaxation of the proventriculus without having much affect on the vagal relaxa tion in the atropinized fowl.
6. Adrenaline and noradrenaline injected into the gastric artery mostly caused a marked contraction of the proventriculus whether the animal was treated with atropine or not.
7. Phenoxybenzamine and dibenamine reduced or abolished the sympathetically induced contraction of the proventriculus and those caused by adrenaline and noradre naline in the atropinized fowl. Pronethalol selectively reduced the sympathetically induced relaxation. On the other hand, the vagal responses were not affected much by these tx and Q-blockers.
8. Hexamethonium reduced 20-50% of the vagal relaxations of the proventriculus and those caused by intragastric arterial injection of nicotine and DMPP, without having any affect on the sympathetic responses.
9. It is suggested that the vagal pathways to the crop, proventriculus and gizzard of the domestic fowl may contain cholinergic excitatory and non-adrenergic inhibitory fibres. On the other hand, in the perivascular sympathetic pathway, the excitatory fibre may be both cholinergic and adrenergic, and the inhibitory one seems likely to be adrenergic.
